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© Recording device and reproducing device. 

@ A recording device, comprising a probe electrode, a 
recording medium having electric memory effect and a writing 
voltage applying means for applying voltage onto the recording 
medium from said probe electrode, and a reproducing device 
comprising a probe electrode, a recording medium exhibiting 
••Jectric memory effect or a recording medium recorded by 
onergy irradiation, a voltage applying means for applying 
voltage not exceeding the threshold value voltage giving rise to 
'^'ectnc memory effect onto the recording medium from said 
crobe electrode and a reading means for reading the change in 
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EiSllSUilLi^^ ^ ^ recording device and a reproducing devte^^ 
■"ThiiTS^J^^ ^^L dTvi^^^^^^ use of a recording medium hav"^^^^ 2^^^^^ 
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rpprod ucibilitv and stability by using an LB film by use of these materials as the Insulator, and consequently 
could successfully prepare a thin and uniform dy Insulating film not found In the prior art. Also, as a 
consequence, a MIM element capable of exhibiting the switching phenomenon having an entirely nove l 
memor y function ha s b een discover ed. 

5 

SUMMARY OF THE INVENTION 

More specifically, an object of the present invention is to provide a recording device and a reproducing 
device by use of a novel high density recording medium having memory characteristic for switching 
characteristics of voltage and current. 

T he present invention has specific features in a recording device, comprising a probe electrode, a recording io 
mediu m exhibiting electric memory effect and a writing voltage applying means for applying voltage onto the 
recor ding medium from said probe electrode , and In a reproducing device comprising a probe electrode, a 
recording medium exhibiting^ectric memory effect of a recording medium recorded by..energy i rradiation , a 
voltage applying means for applying voltage not exceeding the threshold value voltage giving rise to electric 
memory effect onto the recording medium from said probe electrode and a reading means for reading the is 
change in current quantity passing through said recording medium. . 

BRIEF DESCRIPTION OF THE DRAWINGS 


Fig. 1 illustrates diagramatically the current passage recording and reproducing device of the present 
invention. 20 

Fig. 2 illustrates the characteristic curve of the current passed when 1 V is applied on the probe 
electrode when the distance between the probe electrode and .the sample (recording layer) is varied. 

Fig. 3 illustrates the pulse voltage waveform for recording. 

Fig. 4 is a schematic Illustration of MIM device. 

Figs. 5 and 6 are characteristic graphs showing electrical characteristics obtained in the device shown 25 
in Fig. 4. 

Fig. 7 is a schematic illustration of the device for forming built-up film. 
Figs. 8A and 8B are schematic illustrations of a monomolecular film. 
Figs. 9A to 9Gf are schematic illustrations of a built-up film. 

Fig. 10A illustrates diagramatically the current passage recording and reproducing device of the ^ 
present invention. 

Fig. 1 0B is a perspective view of a substrate on which a plural number of probes were provided, and 
Fig. 100 is a side view thereof. 

Fig. 10D illustrates diagramatically another current passage recording and reproducing device of the 
present invention. 35 

Fig. 10E is a perspective view of a substrate on which a plural number of probes are provided, and 
Fig. 1 0F is a side view thereof. 

Figs. 11A to lie illustrate schematically the track and the recorded state of data in the recording 
medium. 

Fig. 12A is a schernatic illustration of the recording pattern used in the present Invention, and 40 
Fig. 12B is an enlarged view of the line pattern recorded within each lattice. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The recording medium of the present invention, by employing an organic built-up film with molecules having 
a group having K-electron level and a group having only a-electron level in combination laminated on an 45 
electrode, can exhibit a non-linear current-voltage characteristic different from the prior art bv applying current 
by use of a probe electrode vertical to the film surface. 

Since most of organic materials generally exhibit Insulating or semi-insulating properties, a remarkable 
diversity of applicable organic materials having a group having K-electron level are included in the present 
invention. ^ 

As the structure of the dye having n-electron system suitable for the present invention, there may be 
included, for example, dyes having porphyrine skeleton such as phthalocyanine. tetraphenylporphyrine. etc.: 
azulene type dyes having squarillum group and croconic methine group as the bonding chain and cyanine-Iike 
dyes having two or more nitrogen-containing heterocyclic rings such as quinoline. b nzothiazole, 
benzoxazole, etc, bonded through squarllium group and croconic methine group; or cyanine dyes, condensed 55 
polycyclic aromatic compounds such as anthracene and pyrene, and chain compounds obtained by 
polymerization of aromatic ring and heterocyclic compounds; and polymers of diacetylene group; further 
derivatives of tetraquinodimethane or tetrathiafluvalene and analogues thereof and charge transfer complexes 
thereof: and further metal complex compounds such as ferrocene , tris-bipyridine ruthenium complexes, etc. 

Concerning formation of an organic recording medium, although the vapor deposition method or the cluster 60 
on beam method may be applicable, an LB method is extremely suitable among the known techniques 
Decause of controllability, easiness and reproducibility. 

According to the LB method, a monomolecular film of an organic compound having a hydrophobic sit and a 
|iVdrophilic site in one molecule or a built-up film thereof can be formed easily on a substrate, which has a 
•Sickness on the molecular order and a uniform and homogeneous organic ultra-thin film can be supplied 65 
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wherein Ri corresponds to the group having n-electron level as mentioned above, and may be preferably a 
"^^g.ctjam a lky! grou p Introduced with the carbon number n being 5 ^ n ^ 30 for making easier formation of 65 
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invention, as a matter of course. 

M ,t '.^^ «>4ri«r*tlirP* 


having the following structure: 


m 


5 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


60 



Porphyrine type dye compounds: 


65 


0 272 935 

[III] Porphyrine type dye compounds: 


1) 


R 1 . R 2. R 3. R 4 =H. 



CH 3 
I 

-0-CH 2 -C-CH 3 . 
I 

, CH 3 

-OCs H„. 
— C (CH 3)3 "■ 
-CH 2 NHC 3 H 7 

M = H 2.. Cu, Ni. Al-CI and 
rear earth metal ion 


2) 


R 


R 



R=:OCH (COOH) C^i^zn+l 
5^n<25 


M = H 2' Cu. Ni, Zn. Al - 
and rear earth metal ion 
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3) 


Br 
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25 



(Qn-m- 


R= C2»2n+1 5<n<25 
M = H 2. Cu. Ni. Zn, Al-Cl 
and rear earth metal ion 



mentioned here, on the Other hand, Ri R4 corr p 
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^ [IVl condensed polycyclic aromatic compounds: 
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or < N < 20 




- (CH 2 ) n-COOH 
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[V] Diacetylene compounds: 

CH 3-^CH 2 >n C = C-C = Ct^CH 2 >-m X 
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0 < n, m < 20 
(with proviso n + m.> 10) 

X Is a hydrophjiic group, and generally «COOH Is used, but -OH, -CONH2. etc. can be also used. 
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R=C0NHG,8H 

OCOCn H35 




Dye materials suitable for the LB method other than those mentioned above are of cours suitable for th 
present invention. For example, biological materials of which study is becoming popular (e.g. bacteriorhodop 


0 272 935 


10 


15 


20 


25 


30 


35 


40 


^e, ;2"<rmo,e<»l. A w6 the pressure . 
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^^r^e^d fifm (or solid filmf .r a '^'•'■^^"rT^yZ^tX^ and sitapes such 9'^= 
irrS-rrr^lf-crifSrriSp „me t««« can « prep^ed, and used as 
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inorganic material and ^r^^-^^^^^^^^^^^^ resistance can also be used. ^^.^^ 
a biological matenal with ^^'T^^^^"^^^ ^e in any desired shape, preferably ^ ti^' P advantage 
The substrate 84 as ^^^'^"'j.^^'^/^fX ThS is because the above film forming Jf^pe^ently of the 

limitative of the present 'nve"nor, at aj j^^^j^^^f^,, ^^ape of the substrate surface .ndepend 
that the film can be formed exactly .n accoraan .,„,„.non that tunnel 
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is applic able to both single crystalline and am orp hous materials, has high resolving power. and_yet 
reproduction jit low pow is possible without giving damage by the curren t. 

Further, sine tunne[curre nt Is of a m agnitude on th order of about nA, the recordingjnedjj^n^ 
having a conduc tivity of 10 Jll^gjghjn jm -^'^or hi gherTprefera^^ 10 (ohmxm) or h igher " " 

As the recording medium to be used In the present invention, materials exhibiting the memory switching 5 
phenomenon In current-voltage characteristic can be utilized. For example, there may be included fi) 
amorphous semiconductor s such as oxide glass, borate cl ass or chalcoqenide g lass containlnfr Se, Te. as 
compounded with the element of the group III. IV. V or VI of the periodic table, etc. They are intrinsic 
semiconductors having an optical band gap Eg of 0.6 to 1.4 eV or an electrical activation energy AE of 
approximately 07 to 1 .6 eV. Specific examples of chalcogenide glass may include A-Se-Te type. Ge-As-Se 10 
type, Si-Ge-As-Te type, for example. SiieGeuAssTees (the subscripts show atomico/o). or Ge-Te-X type, 
Sf-Te-X type (X = represents small amount of group V, and VI elements), for example GeisTeeiSbaSa. 

Further, a chalcogenide glass of Ge-Sb-Se type may also be used. 

In the amorphous semicondu ctor layer compris ing the above compound deposited on the electrode, by 
applyi ng a voltage in the' direction ver tical to the film surface by use of a probe e le ctr o de , the electric memory 15 
effect of the medium can be exhibited. ^ - 

As the method for depositing such material, the object of the present invention can be sufficiently 
accomplished according to the thin-film-forming technique known in the art. For example, suitable 
film-forming methods may Include the vacuum vapor deposition method, the cluster ion beam method, etc. 
Generally speaking, the electric memory effect of such material is observed at a film thickness of several jim or 20 
less, and concerning recording resolving power as the recording medium, the thickness may be preferably 
thinner. However, with respect to uniformity and recording characteristic, a film thickness Is preferably 100 A 
to 1 Jim more preferably a thickness of 1000 A or less. 

Further, there mav be included (2) organic semiconductor layers having deposited a salt of an electron 
accepting compound such as tetraquinodimethane (TCNQ). TCNQ derivatives, for example, tetrafluorotetra- 25 
cyanoquinodimethane (TCNQF4). tetracyanoethylene (TONE) and tetracyanonaphthoquinodimethane (TNAP), 
etc. with a metal having relatively lower reduction potential such as copper or silver on the electrode. 

As the method for forming such organic semiconductor layer, there may be employed the method in which 
the above electron accepting compound is vacuum vapor deposited on the electrode of copper or silver. 

The electric memory effect of sucfi organic semiconductor is observed at a film thickness of several ten jim 30 
or less, but a film thickness of 100 A to 1 [xm is preferred with respect to film forming property and uniformity. 

Fur ther^ there mav be employed (3) recording medium using amorphous silicon as the material. For 
example. It is a recording medium having a layer constitution of metal/a-Si (p* layer/n layer/i layer) or 
metal/a-Si (n* layer/p layer/i layer) , and the respective layers of a-SI can be deposited satisfactorily according 
to the methods known in the art. In'the present invention, the glow discharge method (GD) may be preferably J5 
employed. The film thickness of a-Si may be preferably 2000 A to 8000 A for the n layer, about 1000 A for the 
p* layer, with the total film thickness being preferably about 0.5 jim to 1 urn. 

On the other hand, the electrode material to be used in the present invention may be one having high 
conductivity. Including a large number of materials, typically metals such as Au. Pt, Ag. Pd, Al. In, Sn, Pb. W. 
etc. and alloys of these, further graphite or silicide. and further electroconductive oxides such as ITO. and 40 
application of these materials for the present Invention may be contemplated. The method for forming 
electrode by use of such material may be sufficiently the known thin film forming technique. However, as th e 
electr ode material to be formed directly on the substrate , it is pr eferable to use an el ectroconductive material 
of which the surface will not form an insulating oxide film during formation of an LB film.lor example a noble 
metal or an oxide conductor such as ITO. 45 

The metal electrode of the recording medium Is required if the recording layer in the present invention is 
insulating, but no such metal electrode is required if said recording layer exhibits semiconductive properties of 
Mn or less. Thus, the recording layer itself can be used as the counter-electrode of the probe ele ctrode. 

Also, the tip of the probe electrode is required to be pointed so far as possible in order to enhance resolving 
pp wer of recordinq/reproduction/erasinq. In the present invention, a platinum with a thickness of 1 mm in 50 
diameter with a tip mechanically grounded to a cone of 90**, which is subjected to evaporation of the surface 
atoms by applying an electrical field in ultra-high vacuum, is employed, but the shape of the probe and the 
treating method are not limited thereto. 

By use of the materials and the method as described above, a device with MIM structure as shown in Fig. 4 
^yas prepared^hereby a memory switching devi c e xhibiting the current-voltage characteristics as shown in" 55 
Fig. 5 an d Fig. 6 was obtained, and the tw o sta tes (ON stat e a nd OFF sta t ) were already found to hav e 
lespective memory characteristics. These memory switching characteristics appear at the layer thickness of 
several A to several 1000 A. buTThe recording medium used with the probe electrode of the present invention 
should preferably have a layer thickness in the range of several A to 500 A, most preferably a layer thickness of 
10 A to 200 A. • 60 

in Fig. 4. 84 represents a substrate. 41 an Au electrode, 42 an Al electrode and 43 a built-up monomolecular 
^'Im as described above. 

^'9' I js_a_blo ck constituting diagram showing the recording device o f the pre sent jnyentjon^ In Fig. J. 105 is 
.3 probe current ampjifier. 106 a sejvo circuit for contro^ 107^y use of a piezoelectric 

•-•lement so that the probe current ^ay become constanl. 108 is a power sourcVfo'rapplyT^^^^ pulse voltage for €5 
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ronorriinn/erasinq bet ----" th. nrobe "^^J^f^^j'^L lu rrfi my 1 therefore the servo circuit 

"•^^Vh^^^^^nii^^ be kept constant during that p riod. 

106 controls the HOLD circuit to be set ON so that the outPU^vowag« y w^^^^ ^.^^^^.^^ ^ 

109 is an XY scanning driv ing crcu.t ^..'^^^j'ZT^T-- r"^" e'ectrode 102 .and..me regprding 
andllI^S:fqr coajH^^^^ instruments are under 

medium 1 so that a probe current of about 1° ^/^Y,"^, ^as a display instrument. 

■fhTEimral control by means of a f"'«=™~'"P"l*'^^^^^^^ 

The mechanical performances in the movement control by use oi pie 
f! ranno in 7 direction: 0.1 nm - 1 lUD 


IIIO ^— 1 , rtt 

Fine control range in Z direction: 0.1 nm-1 jim 
Coarse control range in Z direction: 10 nm - 10 mm 

a -I nm - 1 iim 


15 


20 


25 


Scanning range In XY direction: 0.1 nm-1 iim 

Measurement, control tolerable en-or: <0-i "f"- recording device of the present invention. In 

Fig. IDA is a block constituting ^-af am shojnng a^o^^^^ ^co g ^.^^ mechanism 1007 

Fig. 10A. 1005 is a probe ='"Pj''f -,^^^^^^^ constant. 1008 is a power source for 

^.enapulse voltage isapp.ied.thep.b^^^^^^^ 

controls the HOLD circuit to be se so that the o^^^^^^^ Y electrodes 1001a, b, c in the XY 

1009 is an XY scanning driving circuit ^'^'J^J^^^^^'SS^^oe be^en the probe electrodes 1002a. b. c 
direction. 1010 and 101 1 are used SSunO-9 A may be previously obtained. These 

?e%ir rrrntst: il^nrcS'^X ^eans o, a microcomputer 1012. 1013 represents a 
''tS>. ~anS?p?Jor:^^^^^^^^^ the movement control by use of a piezoelectnc element are shown 

Fine control range in Z direction: 0.1 nm-1 |im 
Coarse control range in Z direction: 10 nm - 10 mm 
Scanning range in XY direction: 0.1 nm -1 lim 

showing a side view thereof. nronar^ d in a large number by implantin£ Silicon onto 

"IG^slJoTrai.etc.angLMblSd'fl^^ ajijjyjg y . or ^.'^^^ ^ pjg. io can be used. In case 

•'^S^-r ^^^^^^^^^ and a recording .yer 101 

^ 'Tst^rerding layer 101 mentioned above, an inorganic or organic semiconductive substance can be 

"^For example, inorganic semiconductors may include - jicond-^^^^ 

serectedTom ihe g?oup IVB of the long P«"°^ JVP? P^^^^^^^^^ the group VB (As. P) 

Containing the element selected from the 9;o"P "'^i®a' ^"^^t^^^^^^ ^ „B (Zn. Cd) and the element 
50 or semiconductive substances containing the « !f '"''f^J a large number of materials. 

seSd from the group VIB (O. S. Se). SP^ci icalty there ^^^^ 3^ GaP 

including typically semiconductors such as S' (f'^Jf ^J'^^f JJ' P°^^^^ may include a large 
InAs. InP or CdS. CdSe. ZnO. ^"S, etc. On he c^er^h^^^^^^^^^^ 

transfer complexes, etc. conventional manner into thin films. For example^for 

-rSise semiconductor substances !" ^° « the vacuum vapor deposition method 

60 ■ film formation of an inorganic semiconductor there can be en^^^^^^ ^^^^^.^ semiconductor^ 

the sputtering method, the glow ^'s^^^^arge method e c wh^^^ electrolytic polymerization 

he vacuum vapor deposition method such as the cluster ,01^^^^^^ ^ ^ ^3„ng a 

Lthod may be available. Also, film '^^J^" ^^^^^^^^^ polyacrylonitrile, polycarbo- 

^„aSf;:r. r Sdl^gT^^^^^^^^^ (-1 cUng. dip co at-n. etc.). 
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Also, in another specific example of the present Invention, during formation of the recording layer 101, a 
Langumuir-Biodgett method (an LB method) proposed by Langmuir et al as described above is applicable. 

As the gen ral structure of molecule to be used in the pr sent invention, the molecules as shown below may 
be included. 

(1) Molecules with the site bearing desired function, namely the functional moiety (e.g. n electron 5 
system) having at the same time strong hydrophilic property (or strong hydrophobic property) In 
combination, for example, copper phthalocyanine. pyrene, triphenylmethane, etc.. or molecules with such 
functional moiety exhibiting polymedzability. for example, diacetylene derivatives, polyimide. etc. 

(2) Molecules with the functional moiety having not particularly hydrophilic property or hydrophobic 
property and having hydrophilic sites and hydrophobic sites formed within the molecule by introducing 70 
hydrophilic groups, and hydrophobic groups as described above, Including, for example: 

a) those having functional moieties arranged on the side of hydrophilic sites, for example, long 
chain alkyl-substituted melocyanine dyes having photo-conductivity, etc.; 

b) those having functional moieties arranged on the side of hydrophobic sites, for example, pyrene 
having long chain aikylcarboxylic acid bonded thereto; ;5 

c) those having functional moieties arranged around the center, namely in the middle of the 
hydrophobic sites and the hydrophilic sites, for example, anthracene derivatives, diazo dyes, etc. 

d) those having no functional moiety, but constituting of only hydrophobic sites and hydrophilic 
sites, for example, stearic acid, arachidic acid, etc. substituted with long chain saturated fatty acid. 

Other materials suitable for the LB method than those mentioned above are of course suitable for the 20 
present invention. For example, biological materials of which studies have been comprehensively made in 
recent years (e.g. polypeptides such as bacteriorhodopsin or cytophrome c) or synthetic polypeptides (PBLG, 
etc.) may be also applicable. 

A potential barrier layer comprising a monomolecular film of such organic compound or its built-up film is 
formed on the substrate. 25 

In the present Invention, the substrate for supporting the thin film comprising a laminate of Inorganic and 
organic materials as described above may be any of metal, glass, ceramics, plastic materials, etc.. and further 
a biological material with remarkably tower heat resistance can be also used. 

The substrate as mentioned abov^may have any desired shape, preferably a flat plate shape, but the shape 
is not limited to a flat plate at all. Thus, in the above film forming method, irrespectively of whether the substrate 30 
may have any surface shape, there is the advantage that the film can be formed exactly the same as Its shape. 

The recording layer 101 can be recorded with various energy beams as described below, and the recorde d 
i mage can be reproduced by means of the reproducing means as described above. In the following, specific 
examples of the recording method are shown. 

1 ) A method in which a high energy particle beam such as electron beam, ion beam is irradiated on the 35 
LB film as described above . By irradiation of a high energy particle beam onto an LB film, there occurs 
physical change In the film structure of the LB film itself, whereby the change in the film thicknes s of the 

LB film Is caused to occur. 

2) A method in which an ion beam, visible light or s*> UV-ray is Irradiated onto the semiconductor thin 

film, whereby the change in electroconductivit y is caused to occur at the irradiated portion. so 

3) A method in which electron beam is irradiated onto a thin film of a metal phthalocyanine (copper 
phthalocyanine, nickel phthalocyanine, lead phthalocyanine, etc.), thereby causing the oxidation-reduc- 
tion reaction of the metal phthalocynine at the irradiated portion to occur, to cause change in the fil m 
structure. 

4) A method in which change In electron state accompanied with polymerization by electron beam , 45 
X-ray or UV-rav in^adiatlon is caused to occur. The monomers to be used in this case may include the 
following: 

®Ri -^H2>nX-R2lO<n<25 
X =-C00-. -CONH-, -OCO- 

Ri =-CH3.-CH = CH2 50 
R2 =-H.-CH = CH2.-C(CH3) = CH2, -CH2CH«CH2 
(with proviso that R2 cannot be -H where Ri is -CH3) 

® FKCH2>h CsCC-CsC-{CH2^ X-R2 n. 2 5 


X=-COO, -CONH-. -OCO- 


=-H. -CH=CH2, -C (CH3 ) =CH2, -CH2 CH^CHj 


so 


5) The method in which direct recording is effected throug h change in configuration or conflguratipn_of 
the com pound by irradiation of vislble iicfht or UV-ray. For example, there may be employed: 


65 
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a) spiropyrane. f uigide or azobenzene derivatives having photochromic property; 
blXes in which the associated state is changed, for example, melocyanine compounds, cyanine 
compound or squarilium and croconic methine compounds, particularly azulene type compounds. 
The thin SSech^^^^ 

coiduSv^ rof loi (Ohm cm)-1 or higher can be used. More specifically, with the use of a me al plate such as 
^^ PiPti Aa M ^r^SiSS ceramics, plastic materials having these metals vapor deposited thereon, or 
s^i^^^i^^^^l^Zne. amorphous) ,s the substrate, a thin film such as LB film can be 
laminated thereon and used as the recording medium. 

the current may Decomraieuiu u^ direction. However, all of these are known 

movement ^""j^^ , "T^^ '^^^^ 'in beS for direct recording, regeneration and erasing. The 

techniques. Also. *^ ^ .P~'^V'f J^'^^^^^^^^ ° high precision and can be moved to any desired position. 

electrode 102 and the Au electrode 0?: ^^^e was exh^ t ^^^^ ^^^^^^^^^ ^^^^^^^ 

state at jiA or less. 2). the distance Z between the probe 

Next with the probe current Ip being set at 10 "A [o region m ny. t). u 
electrode 102 and the surface of the recording layer 101 was contro ed. . 
"whJe moving the XY stage 1 14 a. a constant '"^^^l jlf • ^^^^^^^^ Then 
than the threshold value Vth ON having the same waveforrn as in Rg. ^ ^Pf counter-electrode 

X^^esult o. tracing again the wording POsi.on « 
threshold voltage Vth OFF or higher, it was also confirmed that all the recorded state wa 

Terb;u^eof°he^r Control mech^^^^ 

lenath with various pitches between 0.001 m and 0.1 n. and it was found to be 0^01 !i or less. 
Th SOAZ LB film used in the above experiments was prepared '•escribed below _ 
Ster an optically polished glass substrate (substrate 104) was washed '^V.f^^ °' * and 

TricNene Or was deposited as the subbing layer by the vacuum deposition method ^^^J^J^J"\" °;^Se io3). 

S r AU was vapor'deposited by the same method to 400 A to ^orn^js^t^^ elecUode i^f^l^^^^^^^^^^ 
Next the chloroform solution containing SOAZ ^'ff '^f solvent. 

aqueous phase of 20-0 to form a monomolecular film on the water ^f^^l^^m lZ iM^ while this was 

the surface pressure of such monomolecular film was enhanced to 20 mN/m. '"['I'^'J^.""^ go as to 
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built up. By repeating appropriate times of this operation. 6 kinds of 2« 4. 8. 12. 20 and 30 layers of built-up films 
were formed on the above substrate and used for r cording and reproducing xperiments. Th evaluation 
results ar shown in Tab! 1. 

Evaluation was performed overall from the recording and erasing characteristics after applying the pulse 
and the erasing voltage, further the ratio of the current value under the recording state to that of the erased 
state (ON/OFF) and the resolving ability, and those with particularly good results were rated as A, those with 
excellent results as B, and those with relatively somewhat lower results as compared with other as C. 

Example 2 

The experiments were conducted in the same manner as in Example 1 except for using t-butyl derivative of 
luthetium diphthalocyanine [LuH(Pc)2) in place of the S0A2 recording medium used in Example 1. The results 
are summarized in Table 1 . It was found that writing and reading of record could be done at sufficient S/N ratio 
as in the case of SOAZ. 

The built-up conditions of t-butyl derivative of LuH(Pc)2 are shown below. 
Solvent: chloroform/trlmethylbenzene/acetone (1/1/2) 
Concentration: 0.5 mg/ml 

Aqueous phase: pure water, water temperature 20^*0 . 

Surface pressure: 20 mN/m. vertical moving speed of substrate 3mm/min. 

Examples 3 - 9 

Recording media were prepared by use of the substrate electrode materials and the dye compounds shown 
In Table 2, and the same experiments as In Examples 1 and 2 were conducted with the controlled current value 
of the probe current set at 10 A to obtain the results shown in Table 2. As shown by the mark B in the Table, 
recording and reproduction could be done at sufficient resolving power and ON/OFF ratio for ail of the 
samples. 

The built-up number of the dye LB film was all two layers. Also, the Pt electrode was vapor deposited by use 
of the EB method, and ITO by the sputtering method, respectively. 
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violet film extracted from a cultured 
^ product obtained by culturlng a highly halophllic 
bacterium according to the known method. 


.ntheExamp-esas described above, the LB .emodwas^ 

"X^^^^^ - not united to on,y organic compounds, but inorganic materials such as 
'iS'trZ^^:'^^^ ?SSon 0, the eiectrode and the recording layer by use of a 

S^.g/reproducing device shown ^£ 

electrode made of platinum was used. This P'^^^J^J'l'^^^^ controlled by a piezoelectric element so that 

the surface of the recording layer lOl . and .ts d'St^^« finfc?nro?mechanisms 107 is designed so that f ,ne 

the current may be controlled to be c°"=\^"»^f ' h^^^^^ these are known techniques. Also, the 

control may be possible also in the plane (X.Y) d.rect o^^ ^^^„,di„g ^ed.um .s 

probe electrode 102 can be used '"^can b^^^^^^ to any desired position. 

placed on the XY stage 114 with high P^^-^f °" ^^^^^ of a chalcogenide glass represented 

' Next, the experiments of recording ^^Pf^*"^^^^^^^^^ to atomico/o) (film thickness 2000 

rrr risr ■ 
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A recording medium 1 having a recording layer 101 of the above chalcogenide glass having a thickness of 
2000 A was placed on the XY stage 114. Between the Au electrode (the ground side) 103 and the probe 
electrode 102, a voltage of 1.0 V was applied, and the distance (2) between the probe electrode 102 and the 
recording layer 101 surface was controlled while monitoring the current. Thereafter, the fine control 
mechanism 107 was controlled so that the probe current Ip became 10 -® A. 5 

It is required that the probe voltage should be controlled so that the probe current Ip for controlling the 
distance from the probe electrode 102 to the surface of the recording layer 101 may be 10 ^^A> Ip > 
10 -12A, preferably 10 -^A^ Ip ^ 10 -^OA. 

While moving the XY stage 114 at a constant interval (1 fi). a rectangular pulse voltage (20 Vmax, 0.1 [iS] of 
or higher than the threshold value Vth ON was applied to give rise to a low resistance state (ON state). Then, by io 
applying a probe voltage of 1.0 V for reading between the probe electrode 102 and the counter-electrode 103, 
the c hange In current quantity passing between th e QN state region and OFF state reg ion can be directly read 
or t hrough the servo circuit 106 . In this Example, it was confirmed that the probe current passing through the 
ON state region was found to be changed bv 2 digits or more as compared with before recording (or the OFF 
state region). 15 

Further, as the result of tracing again the recording position while applying a rectangular pulse voltage (50 
Vmax. 10 ^lS) of or higher than the threshold voltage Vth OFF on the probe electrode. It was also confirmed 
that all the recorded state was erased to be transited to the OFF state. Erasing of recording is also possible by 
the optical method. 

Next, by use of the fine control mechanism 107. the resolving power was measured by writing stripes of 1 u 20 
leng th with various pitches between 0.01 \i a nd 1 ji, and it was found to be 0.1 \i or less. 

the chalcogenide glass used in the above experiments was prepared as described below. 

After an optically polished glass substrate (substrate 104) wa^ washed by use of a neutral detergent and 
Trichlene. Or was deposited as the subbing layer by the vacuum deposition method to a thickness of 50 A. and 
further Au was vapor deposited by the same method to 400 A to form a subbing electrode (Au electrode 103). 25 

Next, an amorphous semiconductor represented by the atomic composition ratio of SiieGeuAssTees was 
vapor deposited to a film thickness of 2000 A by the vacuum vapor deposition method known in the art and 
used as the recording medium. 

Example 11 * ^0 

The same experiment as In Example 10 was conducted except for using Gei5Te8iSb2S2 in place of 
Sii6Gei4As5Te65 used in Example 10. It was found that writing and reading of record could be done at 
sufficient S/N ratio similarly as in Example 1. 

Example 12 - 
. The same recording and reproducing experiment as in Example 1. except for using CUTCNQF4 in place of 
the chalcogenide glass recording medium used in Examples 10 and 11. A rectangular pulse of 2 Vmax, 10 ns 
was used as the application voltage for recording, and the application voltage for control of the probe current 
was made 0.1 V. Aslhe result, recording and reproduction could be done at sufficient S/N ratio similarly as in 
Example 1. The method for preparation of the CuTGNQFa recording medium is described below. 40 

After an optically polished glass substrate was washed, Cu was deposited to 2000 A according to the 
vacuum vapor deposition method to provide an electrode. Further, Cu and TCNQF4 were co-deposited by the 
vacuum vapor deposition method to deposite a CUTCNQF4 layer to 2000 A (substrate temperature; room 
temperature). At this time, heating was effected by passing current value previously set so that the vapor 
deposition speed may become about Cu. 5A/S; TCNQF4. 20 A/s. As the result, it was confirmed that a blue film 45 
by formation of CUTCNQF4 was deposited. 

Example 13 

After an electrode was formed by vacuum vapor deposition of Cr to a film thickness of 500 A on an optically 
polished glass substrate, an amorphous silicon fil m of p"*" type with a thickness of 1000 A was formed. The 50 
preparation conditions at that time were as follows: 

Introduced gases: B2H6/SiH4 (NbhNswIO (diluted with H2 gas to 0.025 molo/o) 

rt power: 0.01 W/cm^ 

Pressure: 0.5 torr 

Substrate temperature: 300 "C 

Oepositlon speed: 30 A/min. 

Next, after the superfluous starting gases were discharged, new starting gases were fed to deposite a n-type 
amorphous silicon to 5000 A. The preparation conditions were as follows, 
introduced gases: PH3/SiH4 (Nph/Nsih = 5x10 "3) (diluted with H2 gas to 0.05 mo|o/o) 

power: 0.01 W/cm2 
Pressure: 0,5 torr 
Substrate temperature: 300 
Deposition speed: 40 A/min. 

Also, after the starting gases were discharged. SiH4 diluted with H2 gas to 0.05 molo/o was introduced into the 
chamber, and an i-phase amorphous silicon was deposited to 1000 A under otherwise the same conditions. 65 
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M K«.« the «me recording and reproduction were effected In 
By use of the recording -"^^l^^^^P/S^^^^^^^^^ reproduction could be done with sufficient 

rNroS=""ng: "p="-S erasPng. the foHowing voltag PP- 

For recording: 20 V 

For reproduction: 0.5 V ♦ • 


structure at all. 


IS 


20 


25 


30 


35 


40 


^Sng/reproducing device shownlnFlg^lOw^^^^^^^^^ 

tungstS pTobeeLtrodes 3 were employed The ^^^^^^ ,2, ,3 controlled by a 

distance (Z) from the surface of the '^^'^''^^Vbl oonUoZ to be constant. Further, the fine contro 
pSec ric element so that the ^^urSb^^^ 

Stance (Z) between the probe electrode 10^*"°'"„'be electrode 10^^ 

electrode 1002 and the Au electrode 1(M3. J^^ J , higher than the threshold voltage vtn u 

al ^ 0, li.. ^, „ ,a -A „ realon In Rg. a), th. «.anc. Z be«een ,h« p.ob 

50 voltjhaving the waveform as shown mFg^ 

vJhiHhlhe ON state occurs ^rM^^" P^"^^° ^ 

track sianal. Subsequently Jb!§merav2^^ mop-b 

The dala reco.r^ 1.5 V for reading between the P-*- ^el, th ^oS 

. =r=rSSs=-js. — •-- 
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threshold voltage Vth OFF or higher. It was also confirmed that all the recorded state was erased to be 
transited to the OFF state. 

Next, by use of the fine control mechanism 1 007, th resolving power was measured by writing stripes of 1 
length with various pitches between 0.00 1 \i and 0.1 \i, and it was found to be 0.01 ^ or less. 

The SOAZ-LB film used in the abov(9 experiments was prepared as described below. 5 

After an optically polished glass substrate (substrate 1004) was washed by use of a neutral detergent and 
Trichlene, Or was deposited as the subbing layer by the vacuum deposition method to a thickness of 50 A. and 
further Au was vapor deposited by the same method to 400 A to form a subbing electrode ( Au electrode 1 003) . 

Next, a chloroform solution containing SOAZ dissolved at a concentration of 0.2 mg/ml was spread over an 
aqueous phase of 20** C to form a monomolecular film on the water surface. After evaporation of the solvent. 10 
the surface pressure of such monomolecular film was enhanced to 20 mN/m, and further while this was 
maintained to be constant, the above electrode substrate was dipped gently at a speed of 5 mm/mln. so as to 
transverse across the water surface, and further withdrawn to have two layers of Y-form monomolecular film 
built up. By repeating appropriate times of this operation. 6 kinds of 2. 4, 8. 12. 20 and 30 layers of built-up films 
were formed on the above substrate and used for recording and reproducing experiments. The evaluation 75 
results are shown in Table 3. 

Evaluation was performed overall from the recording and erasing characteristics after applying the pulse 
and the erasing voltage, further the ratio of the current value under the recording state to that of the erased 
state (ON/OFF) and the resolving power, and those with particularly results were rated as A, those with good 
results as B, and those with relatively somewhat lower results as compared with others as C. 20 


Example 15 ^ ' _ 

The experiments were conducted in the same manner as in Example 14 except for using t-butyl derivative of 

luthetium diphthalocyanlne ILuH(Pc)2] in place of the SOAZ recording medium used in Example 14. The 

results are summarized in Table 3. It was found that writing and reading of record could be done at sufficient 25 

S/N ratio as in the case of SOAZ. 
The built-up conditions of t-butyl derivative of LuH{Pc)2 are shown below. 

Solvent: chloroform/trimethylbenzene/acetone (1/1/2) 

Concentration: 0.5 mg/ml 

Aqueous phase: pure water, water* temperature 20° C 30 
Surface pressure: 20 mN/m. vertical moving speed of substrate 3 mm/min. 

Examples 16-22 

Recording media were prepared by use of the substrate electrode materials and the dye compounds shown 
in Table 4, and the same experiments as in Examples 14 and 15 were conducted with the controlled current 35 
value of the probe current set at 10 A to obtain the results shown in Table 4. As shown by the mark B in the 
Table, recording arid reproduction could be done at sufficient resolving power and ON/OFF ratio for all of the 

samples. 

The built-up number of the dye LB film was all two layer Also, the Pt electrode was vapor deposited by use 
of the EB method, and ITO by the sputtering method, respectively. -^0 
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the surface of the recording layer 101 . and its distance (2) is finely controlled by a piezoelectric element so that 
the current may be controlled to be constant. Further, the fine control mechanism 107 is designed so that fine 
control may be possible also in the plane (X, Y) direction. How ver, alt of thes are known techniques. Also, 
the probe electrode 102 can be used for direct recording, regeneration and erasing. The recording medium Is 
placed on the XY stage 114 with high precision and can be moved to any desired position. 5 

The experiments of recording, reproduction and erasing by use of an LB film (8 layers) of 
squarllium-bis-6-octyla2u!ene (hereinafter abbreviated as SOAZ) formed on the electrode 103 formed of Au 
are described below in detail. 

A recording medium 1 having a recording layer with 8 built-up SOAZ layers was placed on the XY stage 114. 
and first the position of the probe electrode 102 was determined and fixed firmly. Between the Au electrode 10 
(the ground side) 103 and the probe electrode 102, a voltage of -3.0 V was applied, and the distance (Z) 
between the probe electrode 102 and the recording layer 101 surface was controlled while monitoring the 
current. Thereafter, the distance from the probe electrode 102 to the surface of the recording layer 101 was 
changed by controlling the fine control mechanism 107, whereby the current characteristics as shown In Fig. 2 
were obtained. It Is required that the probe voltage should be controlled so that the probe current Ip for is 
controlling the distance from the probe electrode 102 to the surface of the recording layer 101 may be 10 — 
A^ Ip ^ 10 A. preferably 10 A^ Ip > 10 A. 

First, the controlled current was set to he current value of the a region in Fig. 2 (10 ^^A) -(Condition of 
probe grounding). When the current value was measured by applying reading voltage of 1.5 V which was a 
voltage not exceeding the threshold voltage which gives rise to electric memory effect between the probe 20 
electrode 102 and the Au electrode 103, OFF state was exhibited at ^A or less. Next, after a triangular pulse 
voltage having the waveform shown in Fig. 3 which is an voltage of or higher than the threshold voltage of Vth 
ON which gives rise to ON state, the current was again measured by applying a voltage of 1.5 V between the 
electrodes, whereby a current of about 0.7 mA was found to be flow, thus indicating the ON state. 

Next, after a triangular pulse voltage with a peak voltage of 5 V and a pulse width of 1 \iS which Is a voltage of 25 
or more of the threshold voltage Vth OFF at which the change occurs from the ON state to the OFF state, 1 .5 V 
was again applied, whereby it was confirmed that the current value at this time was returned to OFF state at |iA 
or less. 

Next, with the probe current Ip feeing set at 10 -®A (b region in Fig. 2), the distance Z between the probe 
electrode 102 and the surface of the recording layer 101 was controlled. 30 

While moving the XY stage 114 at a constant interval (1 n), a pulse voltage (15 Vmax. 1 ^S) of the threshold 
value Vth ON or higher having the same waveform as In Fig. 3 was applied to write the ON state. Then, by 
applying a probe voltage of 1 .5 V for reading between the probe electrode 102 and the counter-electrode 103, 
the change in current quantity passing between the ON state region and OFF state region can be directly read 
or through the servo circuit 106. In this Example, it was confirmed that the probe current passing through the 35 
ON state region was found to be changed by 3 digits or more as compared with that before recording (or the 
OFF state region). 

Further, as the result of tracing again the recording position by setting the probe voltage at 10 V of the 
threshold voltage Vth OFF or higher, it was also confirmed that all the recorded state was erased to be 
transited to the OFF state. ^0 

Next, by use of the fine control mechanism 107, the resolving power was measured by writing stripes of 1 
length with various pitches between 0.001 \i and 0.1 >i, and It was found to be 0.01 \i or less. 

The SOAZ-LB film used in the above experiments was prepared as described below. 

After an optically polished glass substrate (substrate 104) was washed by use of a neutral detergent and 
Trichlene, Or was deposited as the subbing layer by the vacuum deposition method to a thickness of 50 A, and 45 
further Au was vapor deposited by the same method to 400 A to form a subbing electrode (Au electrode 103). 

Next, a chloroform solution containing SOAZ dissolved at a concentration of 0.2 mg/ml was spread over an 
aqueous phase of 20^*0 to form a monomolecular film on the water surface. After evaporation of the solvent, 
the surface pressure of such monomolecular film was enhanced to 20 mN/m. and further while this was 
maintained to be constant, the above electrode substrate was dipped gently at a speed of 5 mm/min. so as to 50 
transverse across the water surface, and further withdrawn to have two layers of Y-form monomolecular film 
built up. By repeating appropriate times of this operation, 6 kinds of 2. 4, 8, 12. 20 and 30 layers of built-up films 
were formed on the above substrate and used for recording and reproducing experiments. The evaluation 
results are shown In Table 1. 

Evaluation was performed overall from the recording and erasing characteristics after applying the pulse 55 
and the erasing voltage, further th ratio of the current value under the recording state to that of the erased 
state (ON/OFF) and the resolving power, and those with particularly excellent results were rates as A. those 
with good results as B, and those with relatively somewhat lower results as compared with others as C. 

Example 25 

The experiments were conducted in the same manner as In Example 1 except for using t-butyl derivative of 
luthetium diphthalocyanine [LuH(Pc)2l in place of the SOAZ recording medium used in Example 24. The 
results are summarized in Table 5. It was found that writing and reading of record could be done at sufficient 
S/N ratio as in th case of SOAZ. 

The built-up conditions of t-butyl derivative of LuH(Pc)2 are shown below, 
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Concentration: 0.5 mg/ml 

SS^ri^Cn;: Sc?S"SeS % .e substrate 3 — . • 

in Table 6. and the same experunents f f^'^^^J^P^ ' ^3^^"^^^^^^ m Table 6. As shown by the mark B in the 
^^^SSlnTiToSir^^^^^^ 

'Ti built-up number o, the dye LB film was all two layers. Also |he Pt electrode was vapor deposited by use 
of the EB method, and ITO by the sputtering method, respectively. 
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*** violet film extracted from a cultured 
product obtained by culturing a riighly halophllic 
bacterium according to the known method. 

In the Examples as described above, the LB method was employed for formation of the dye recording layer, 
but any film forming method can be used without limitation to the LB method, provided that an extremely thin 
film can be prepared, and specifically the vacuum vapor deposition method such as an MBE, an CVO method, 
etc. may be included. 

Applicable materials are not limited to only organic compounds, but Inorganic materials such as 
chalcogenide compounds, etc. are also applicable. 

Further, it Is also possible to use an Integration of the electrode and the recording layer by use of a 
semiconductor as the electrode on the recording medium side. 

The present invention is not limitative of the substrate material, its shape and surface structure at all. 

Example 33 

A recording/reproducing device shown in Fig. 1 was employed. As the probe electrod 102, a probe 
electrode made of platinum was used. This probe electrode 102 is used for controlling the distance (Z) from 
the surface of the recording layer 101 , and its distance (Z) is finely controlled by a piezoelectric element so that 
the current may be controlled constant. Further, the fine control mechanism 107 is designed so that fine 
control may be possible also in the plane (X.Y) direction. However, all of these are known techniques. Also, the 
probe electrode 102 can be used for direct recording, regeneration and erasing. The recording medium is 
placed on the XY stage with high precision and can be moved to any desired position. 

Next, the experiments of recording, reproduction and erasing by use of a chalcogenide glass represented 
by the composition formula SiieGeKMSsTees (the subscriptions correspond to atomico/o) (film thickness 2000 
A) formed on the electrode 103 formed of Au are described in detail. 

A recording medium 1 having a recording layer 101 of the above chalcogenide glass having a thickness of 
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. w =t=.^o iu B tween the Au electrode (ihe ground side) 103 and the probe 

2000 A was placed on the XY stage 114 B ^ee" ine mu electrode 102 and the 

a prob. voltage of 1.0 V lot and the hish tesistatK. stale 

Change In current quanlit, paMlnS <^TVl^£^JnK^mi^. « ^ oonllrmed that the probe 

;rnt=s"~-~^-^^^ 

SiKcSLxreS^'orr^?^^^^^^^^^^^ 

the optical method. ^^ho„iem m? the resolving power was nneasured by writing stripes of 1 n 

Next, by use of the fine control mechan sm 107. ^^^^ "9 ^^^^^ ^^ be 0.1 |i or less. 
20 length with various pitches between O.OIj and ^^^^/f^ed below. 

The chalcogenide glass used in the LTe ?04) >^s w«hed by use of a neutral detergent and 

After an optically polished glass substrate (s^^^^^^^^^ ^ ^ j^i^k„,33 50 A. and 

Trichlene. Cr was deposited as the f^^bing layer by the vacuum ^^^^ ^^^^^^^^^ ^^^^^^^^ ^03, 

further Au was vapor deposited by V^rt^I^'^^^^^^^^^ ratio of SiieGeMAssTees was 

vapTde^p-oS^^^^^^^ K^eCcr vapor deUon method .nown in the art and 
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used as the recording medium. 


Example 34 conducted except for using GeisTeeiSbaSa in place of 

;ST~n1^^ 1.^-- °' " " 
sufficient S/N ratio similarly as in Example 33. 

Example 35 ^ . ^,i„ont in Examole 33 except for using CuTCNQF4 in place of 

- Thesami recording and reproducing ^xpenment as m Example rectangular pulse of 2 Vmax. 10 ns 

the chalcogenide glass recording medium '"f^'^'^.f = '^^^^^^^ of the probe current 

was used as the application voltage for ^^^^^i^^'/^f^^^^^^^^ at sufficient S/N ratio similarly as .n 

was made 0.1 V. As the result. ^^-^^^^'^S a"d^^^^^^^^^^^ ,he CuTCNQF4 
Example 33. The resolving power was not more ! .n u.i jim. inc 

recording medium is described below. deoosited to 2000 A according to the 

After an optically polished glass '^^'^'^''^LZTtoZTi^^^^ 
vacuum vapor deposition method to provide an electrode_^^^^^^^^ ^^^^^^^^ temperature; room 

vacuum vapor deposition method to deposite a CuTCNQF4 layer to , ^ ^^^^ 
temperature). At this time, heating was f^^/Jf^JV gssj.^, ^^^^^^ 
deposition speed may become about Cu. bPJS. i oiNur4. 
by formation of CuTCNQF4 was deposited. 

^^el.o,roO.™s,or™d™«»-l-;^- 
pollsneo glass substrata, an amorphous s""" *" °' P '""^ 
ESgTet'tH^sr -?T«ed ,as to 0.0« .0^. 

rf power:.0.01 W/cm2 
Pressure: 0.5 torr 
55 Substrate temperature: 300 *'C 

rarrsltelolTSartlng gases were d^harged.n™su^^^^^^^^ 

60 rf power: 0.01 W/cm^ 
Pressure: 0.5 torr 
Substrate temperature: 300 

_ ... J. An A /«r»;n 
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By use of the recording medium as prepared abov , the same recording and reproduction were effected. As 
a result, recording and reproduction could be done with sufficient S/N ratio exhibited. For r cording, 
reproduction and erasing, the following voltag s were applied. 
For recording: 20 V 

For reproduction: 0.5 V ^ 
For erasing: -5V 

Having described about the methods for various recording media in the above Examples, any film forming 
method capable of preparing an extremely uniform film can be used and.the method of the present invention Is 
not limitative. The present Invention is not also limitative of the substrate material, its shape and surface 
structure at all. 

Example 36A 

By use of Au as the electrode 103 shown in Fig. 1, an LB film having two layers of pentacosa-10, 12-diynoic 
acid (DA12-8) built up as the recording layer on the Au electrode was used. 

Such jpolvmerizable recording medium was mounted on ELS-3300 electron beam picture drawing device is 
produced by Ellonics Co.. and a picture was drawn by use of a lattice pattern generating device shown in 
Fiq. 12A u nder the conditions of an acceleration voltage of 20 kV. a current value of 1 x 10 ^^A. a stationary 
spot diameter of 0.4 ^m. an exposure time of 0.5 ^sec/spot. 

The magnification at this time was 50-fold. 

Next, under the conditions of an acceleration voltage of 20 kV. a current value of 1 x 10 -""^A, a stationary 20 
spot diameter of 0.04 |im, an exposure time of 0.5 usec/spot, a line pattern In Fig. 12 was similarly drawn within 
each lattice. \. 

The pattern thus drawn was read by use of a reproducing device shown in Fig. 1 . Next, Its process Is shown. 

With the recording medium firmly fixed on the stage, first the position of the probe electrode was 
determined by visual observation. At a probe voltage set at 2 V. the distance between the probe electrode and 25 
the recording medium was controlled so that the probe current became 10 A by controlling the coarse 
mechanism In the Z direction. Afte r the lattice pattern was first searched b y course scanning In the direction 
within the plane (x, y). the line pattern was read by fine scanning within the plane (x, v). whereby the portio n 
i rradiated by the electron be a m was polymerized and Its film thickness was recognized to be changed 
(reduced) by about several A as calculated on the changed amount of servo voltage . Also, the line width read 30 
was 0.022 \m and thus it was found that at least a recording resolving power of about 0.02 ^m could be 
obtained. 

The DA12-8 recording medium used In the above experiment was prepared as described below. 

After an optically polished glass substrate was washed clean with a netural detergent and Trichlene, Cr was 
deposited to a thickness of 50 A as the subbing layer by the vacuum vapor deposition method, and further Au 35 
was vapor deposited to 400 A to form a subbing electrode. DA12-8 was dissolved in chloroform at a 
concentration of 1 x 10 "^U and 200 ^1 of the resultant solution was spread on an aqueous phase (MnClz: 5 x 
10 -'♦M, KHCO3: 5 X 10 pH 6.8, water temperature 20 **C). 

After evaporation of the solvent, the surface pressure was enhanced to 20 mN/m, and further while 
maintaining the pressure to be constant, the above electrode substrate was dipped gently so as to transverse 40 
across the water surface and further withdrawn to build up two layers of a monomoiecular film. The DA12-8 
monomolecular built-up film thus formed on the Au electrode was dried on air for 24 hours to provide a 
recording medium. 

Example 37 45 

Entirely the same experiment as in Example 36A was conducted except for using a recording medium 
having two layers of (o-tricosenic acid on n"*" -Si substrate. However, the exposure time was set at 5 
(isec/spot. The line width read was 0.013 ^m. and a recording resolving power of about 0.01 \ss(\ may be 
expected. 

The LB film forming conditions of o>-tricosenic acid were as follows. 50 
Solvent: chloroform 
Concentration: 1 mg/ml 

Aqueous phase: H2O (pure water), water temperture 20 ''C 

Surface pressure: 20 mN/m. vertical substrate moving speed 20 mm/min. 

55 

Example 38 

Entirely th same experiment as in Example 36A was conducted except for using a two-layer built-up film of 
arachidic acid. However, the exposure time was made 20 ^sec/spot. Recording was effected through change 
in the LB film structure based on generation of heat by electron beam irradiation, and the resolving power was 
poorer as compared with Examples 36A, 37, with the line width reproduced being 0.062 jim. The LB film 60 
forming conditions of arachidic acid were as follows. 
Solvent: chloroform 
Concentration: 1 mg/ml 

Aqueous phase: CdCIa 5 x 10 "^M, water temperture 20 "C 

Surface pressure: 30 mN/m, SS 
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vertical substrate moving speed 5 mm/min. 


^^SiTame Au eiectrode as in Example 36. perylenetetracarboxylic acid anhydride: 
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medium, and othenwise the same recording and reproducing^^^^^^ ^sec/spot, the electron beam 

AS the result of the experiment con^^^^^^^ 
irradiated portion was recognized to be blackenea. i ne i 
found to be 0.04 |im. 

Example 40 ^ ^„ , „ f«rm <:111> wafer substrate (10 ohm-cm) in the sarne 

Nippon Denshi K.K. The injection conditions were as loiiows. 

Ion source accelerating voltage: 40 kV 

Ion beam cun-ent: 1 nA 

Injected amount: 1.3 x lO'* ions/cm^ 

amount 5 x 10'^ ions/cm^, and ^ub^S*/ .^^^^^^ vCtage of 1 V. the line width was found to be 0.1 
When the pattern reproduction was effected with a prooe vol g 
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^^?!?^ng/reproducing device shown in Fig. 10 was employed As^he P-^e^^-S^frc'cnUoiSn^^^ 
tungsten p oL electrode! were employed. The P^^^^^^^ ,3 controlled by a 

distance (Z) from the surface of the recording '^f l^jj;- .^"''j^'be constant. Further, the fine contro 

be moved to any desired position. . ^ ^ g, gn LB film (8 layers) of 

1014 and first the positions of the probe electrodes 002a. D C w^^^^^ a voltage of -3.0 V was applied, and 

AU eiectrode (the ground side) 1CW3 and J^^^ P^°^Y ^Tthe re^^^^^^^^^ 101 Surface was controlled w e 
distance (Z) between the probe e.^^^^^ ^^^^^^^ 
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layer 101 was changed by controlling the fine control mechanisms 1007, whereby the current characteristics 
as shown in Fig. 2 were obtained. It is required that the probe voltage should be controlled so that the probe 
current Ip for controlling the distance from the probe electrode 1002 to the surface of the recording layer 101 
may be 10 Ip ^ 10 A. preferably 10 A^ Ip ^ 10 A. 

First, the controlled current was set to the current value of the a region In Fig. 2 (10 ~^A) -(Condition of 5 
probe grounding). When the current value was measured by applying reading voltage of 1 .5 V which was a 
voltage not exceeding the threshold voltage which gives rise to electric memory effect between the probe 
electrode 1002 and the Au electrode 1003. OFF state was exhibited at \iA or less. Next, after a triangular pulse 
voltage having the waveform shown in Fig. 3 which is an voltage of the threshold voltage of Vth ON or higher 
which gives rise to ON state, the current was again measured by applying a voltage of 1.5 V between the 10 
electrodes, whereby a current of about 0,7 mA was found to be passed, thus indicating the ON state. 

Next, after a triangular pulse voltage with a peak voltage of 5V and a pulse width of 1 \iS which is a voltage of 
the threshold voltage Vth OFF or higher at which the change occurs from the ON state to the OFF state, 1 .5 V 
was again applied, whereby it was confirmed that the current value at this time was returned to OFF state at ^A 
or less. 15 

Next, with the probe current Ip being set at 10 ~® A (b region in Fig. 2). the distance Z between the probe 
electrode 102 and the surface of the recording layer 101 was controlled. 

While moving the XY stage slowly along the Y-axis under application of a triangular pulse voltage having the 
waveform as shown in Fig. 3 which is a voltage of the threshold voltage ON or higher at which the ON state 
occurs at the three probes, the track signal Y track was recorded (Fi^. 11 A) 20 

The probes 1002 a, b and c were returned to the original positions, then while applying a triangular pulse 
voltage having the waveform as shown in Fig. 3 which is a voltage of the threshold voltage Vth ON or higher at 
which the ON state occurs at the two probes (1002-a, c) along the X-axis, track signals along the X-axis were 
r ecorcled..iFiQ. 11B). 

" The remaining one probe (1002-b) wrote the ON state b y applying a pulse voltage (15 Vmax. 1 |iS) of the 25 
threshold voltage Vth ON or higher having the same waveform as in Fig. 3 at the predetermined position of th e 
timing signal , and also the data were recorded at the remaining sites by use of the same method . 
^ Next, the probe 1002-a was moved along the Y-axis to the track recorded with the probe 1002-c. and the 
same operation as described above was conducted. At this time, only the probe 1001a performs reading of the 
track signal. Subsequently, this operation was repeated until a recording medium having the track signals and 30 
the data recorded thereon was prepared (Fig. 110). 

Reading can be done by applying a probe voltage of 1 .5 V for reading between the probe electrode 1002-b 
and the counter-electrode 1003. and reading directly the change in current quantity passing between the ON 
state region and OFF state region or through the servo circuit 1006. In this Example, it was confirmed that the 
probe current passing through the ON state region was found to be changed by 3 digits or more as compared 35 
with before recording (or the OFF state region). 

Further, as the result of tracing again the recording position by setting the probe voltage at 10 V of the 
threshold voltage Vth OFF or higher, it was also confirmed that all the recorded state was erased to be 
transited to the OFF state. 

Next, by use of the fine control mechanism 1007, the resolving power was measured by writing stripes of 1 40 
length with various pitches between 0.001 \l and 0.1 (x. and it was found to be 0.01 u or less. 

The SOAZ-LB film used in the above experiments was prepared as described below. 

After an optically polished glass substrate (substrate 1004) was washed by use of a neutral detergent and 
Trichlene. Or was deposited as the subbing layer by the vacuum deposition method to a thickness of 50 A. and 
further Au was vapor deposited by the same method to 400 A to form a subbing electrode (Au electrode 1003). 45 

Next, a chloroform solution containing SOAZ dissolved at a concentration of 0.2 mg/ml was spread over an 
aqueous phase of 20* C to form a monomolecular film on the water surface. After evaporation of the solvent, 
the surface pressure of such monomolecular film was enhanced to 20 mN/m, and further while this was 
maintained to be constant, the above electrode substrate was dipped gently at a speed of 5 mm/min. so as to 
transverse across the water surface, and further withdrawn to have two layers of Y-form monomolecular film 50 
built up. By repeating appropriate times of this operation, 6 kinds of 2, 4, 8, 12. 20 and 30 layers of built-up films 
were formed on the above substrate and used for recording and reproducing experiments. The evaluation 
results are shown in Table 7. 

Evaluation was performed overall from the recording and erasing characteristics after applying the pulse 
and the erasing voltage, furth r the ratio of the current value under the recording state to that of the erased 55 
state (ON/OFF) and the resolving power, and those with particularly excellent results were rated as A. those 
with good results as B, and those with relatively somewhat lower results as compared with others as C. 

Example 43 

The experiments were conducted in the same manner as in Example 42 except for using t-butyl derivative of 60 
luthetlum diphthalocyanine tLuH(Pc)2l in place of the SOAZ recording medium used in Example 42. The 
results are summarized in Table 7. It was found that writing and reading of record could be done at sufficient 
S/N ratio as in the case of SOAZ. 

The built-up conditions of t-butyl derivative of LuH(Pc)2 are shown below. 
Solvent: chloroform/trimethylbenzene/acetone (1/1/2) ^ 
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Concentration: 0.5 mg/ml 

Aqueous phase: pure water, ^^^['^l^^^^^^ ^ substrate 3 mm/min.- 
Surface pressure: 20 mN/m, vertical moving speed oi sups 

Examples 44-50 substrate electrode materials and the dye compounds shown 

- Recording me'dia were prepared by ""^^^^'^^^^^ 43 were conducted with the controlled current 

in Table 8. and the same expenments as in examples 4^^^^^ ^^^^^ ^^^^ B in the 

of the EB method, and ITO by the sputtering method, respectively. 
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Example 51 

When the same experiments were conducted by use of the devices shown in Figs. 100-F. in place of the 
devices shown in Figs. 10A-C employed in Examples 42 - 50. the same results were obtained. 

In the Examples as described above, the LB method was employed for formation of the dye recording layer, 
but any film forming method can be used without limitation to the LB method, provided that an extremely thin 
film can be prepared, and specifically the vacuum vapor deposition method such as an MBE method, a CVD 
method, etc. may be included. 

Applicable materials are not limited to only organic compounds, but organic materials such as chalcogenide 
compounds, etc. are also applicable. 

Further, it is also possible to use an integration of the electrode and the recording layer by use of a 
s emiconductor as the ele ctrode on ihgjrecording rnedium side. 

The present invention islioflimiFative of the substrate material, Its shape and surface structure at all. More 
than three probes may be employed although three probes were employed in this invention. 

According to the present invention, a novel recording and reproducing device having the following specific 
features can be provided. 

(1 ) Even when compared with optical recording, by far higher density recording is possible. 

(2) Since the recording layer is formed by building up monomolecular films, the film thickness control 
could be done easily on the molecular order (several A to several ten A). Also, since controllability is 
excellent, reproducibility is high when forming a recording layer. 
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eflca a Ktege a?pl*.9 ^-'^^J^rroX (™». said prof. e«c.rod= and a readra 

'i^ss^^iisl^'^ftsss— a,- 

6. A device according to ^la'^ 3. wherein s y ^^.^^ ^yp^ ^yes. dyes ^^v^ng sq 

n .l-. «... .d .co... .ed.. co.p.es a 

9. A device according to claim 8 ^^V^^f ^^^^^^^^ of Se. Te and As 

III IV V andVI of the periodic table and at east on ^^^^^^^^^^^ ^^^^^^^ 

"^^^deviceaccordingtoc^jn wh^^^^^^^^^^^^ 

laminate. ^^,5^ semiconductor is an P^9^J° o^^^^ containing an 

13. A device according to ^'^ ^ ^^^erein said organic semiconductor is a compo 

14. A device according to c aim 13. wherein t,t,,cvanoquinodimethane. 

16. A device according to any preceu y energy beam 
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semiconductive substance containing at least one selected from the group of substances consisting of 
Si. Ge. Ga. As. GaP. InAs. InP. CdS. CdSe. ZnO and ZnS. ^ 

22. A reproducing device according to any of claims 17 to 21 . wherein said recording medium comorises 
a monomolecular film of an organic compound or a built-up film of said monomolecular films 

23. A reproducing device according to claim 22. wherein said organic compound has a qrouD havinn ir 
-electron level in the molecule. ^ ^ " 

24. A reproducing device according to claim 22. wherein said organic compound is at least one 
compound selected from the group consisting of aromatic polycyclic compounds, polymeric compounds 
having conjugated n bond, photochromic compounds, polypeptide compounds, a compound in a dve 
association state, and electron transfer complexes. • « uye 

25. A generating device according to any of claims 17 to 24, wherein said energy rav is an elp rtmn beam 
an ion beam, a laser beam, an X«rav. an UV>rav or visible light. ~" ^ 

26. A device according to any preceding claim, wherein said recording medium is disposed between said 
probe electrode and a counter-electrode disposed in opposition to said probe electrode. 

27. A device according to claim 3 or 22. wherein said monomolecular film or built-up film has a film 
thickness in the range of several A to several 1000 A, 

28. A device according to claim 27. wherein said monomolecular film or built-up film has a film thickness 
In the range of several A to 500A. • ^'^iic^s 

29. A device according to claim 28, wherein said monomolecular film or built-up film has a film thickness 
In the range of 10 A to 200 A. 

30. A device according to claim 27, 28 or 29, wherein said monomolecular film or bUilt^uD film is a film 
formed by an LB method. 

31. A device according to any preceding claim, having a XY scannino driving mea n5^ (or said orobe 
electrode . — ^ — 

32. A device according to any of claims 1 to 30. comprising a means for fine controling 25 
three-dime nsionallv the relative positions of said probe electrode and recording medium. ' 

33. A reproducing device according to claim 2 or17. wherein said readi ng means has a servo circu it 

34. A reproducing device according to claim 2 or 17. wherein said reading means comprises an A/D 
transducer. ^ 
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Fig. I 
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Fig. 10 B 
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